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Introduction
Household energy use has received considerable attention among policy makers and researchers.
The keen interest in fuel use patterns particularly in developing economies stems from the heavy dependence on solid biomass or coal fuels, and their associated negative impacts on livelihoods, environment and health. Coupled with the use of inefficient cooking stoves, emissions from biomass combustion is associated with high incidence of acute respiratory infections (ARI), particularly, among women and children (Ezzati and Kammen, 2001; Mishra, 2003) . Also, fuelwood collection has been shown to affect educational and labour outcomes of women and children, due to the long hours spent on collection. On the environmental impacts, emissions of black carbon among other greenhouse gases have negative impacts on the climate. Again, unsustainable harvesting of biomass for energy use is a leading driver of deforestation in tropical regions, especially, sub-Saharan Africa (SSA). Thus, continuous dependence on biomass energy, especially the use inefficient cookstoves and methods by households poses a major threat to the survival of livelihoods and entails significant externalities on the global environment and climate.
The recognition of these impacts has led many governments and development agencies to propose various measures in the quest of addressing the issue of energy poverty by encouraging the up-take of improve cookstoves, sustainable production of biomass fuels and the up-take of "modern" fuels such as LPG. In Ghana, for example, government has over the past three decades implemented policies such as price subsidies on LPG. Even though the policy has recorded some level of success, there is still room for improvement to ensure that LPG up-take serves as one (others include adoption of improve cookstoves for some socio-economic groups, where modern fuel up-take is almost impossible in the near future due to cost, culture and reliability of fuel supply) of the key solutions to the energy poverty issues in Ghana and the associated environmental, health and development impacts. Currently, only 23.1% of Ghanaian households use LPG as the main cooking fuel (Mensah and Adu, 2015) up from under 5% in the early 1990s.
Contrary to predictions from energy theories such as the "energy ladder hypothesis", which suggest a simplistic switch from traditional fuels to modern fuels driven largely by economic forces such as income and price; empirical evidence from many developing economies suggest that the dynamics of fuel switching is far more complex and less understood. There is a high degree of inertia in fuel switching patterns, often attributed to non-economic factors such as taste, preference, reliability in supply, inter alia. This is evident in the Ghanaian context, since despite a rise in income and price subsidies on LPG, less than a quarter of households use LPG as a main cooking fuel.
Given these complexities, it is important to fully understand and establish the motivating factors driving households' choice of a relatively 'clean' cooking fuel like LPG over alternate fuels. More importantly, we address the question of "how does the response of LPG adoption rate vary over time to changes in factors driving it?" Further, even though majority of the extant studies have examined the determinants of cooking energy choices, which can be grouped broadly into two strands, a group that is more descriptive in highlighting cooking fuel transition (e.g., Barnes and Qian,1992; Dowd,1989; Hofstad et al.,2009; Masera et al.,2000) and a group that utilises quantitative(econometric approaches) to examined the transition probabilities and/or demand for cooking fuels (see e.g., Barnes, et al., 2005; Chambwera, 2004; Chambwera and Folmer, 2007; Gebreegziabher et al. 2012; Heltberg, 2005; Kebede et al., 2002; Mekonnen and Köhlin, 2008; Mensah and Adu, 2015) . Both strands have their respective merits in providing valuable information in understanding energy poverty dynamics, especially in developing countries. Often, the qualitative strand provides some intuition and hypothesis on cooking fuel transition dynamics, and the quantitative approaches evaluate the hypothesis to ascertain their validity and provide causal dynamics. One key question that remains is whether the functional form specification used by these studies has any impact on the results derived. Theoretically, demand for energy is assumed to be a non-linear function 1 of household size, the age of household head and income. However, the exact form of the non-linearity is unknown, a priori.
To account for this non-linearity in the energy demand relationship, previous researchers have applied variety of techniques such as log transformation 2 , introduction of quadratic terms, and the use of estimators such as logit/probit models in binary outcome cases. What still remains as an empirical challenge is the extent by which these appropriately capture the inherent nonlinearity in the fuel choice functions, since the exact form of the relationship is unknown to the researcher, a priori. We contribute to this discussion by adopting semi-parametric probit model which offers more flexibility in capturing the non-linearity in the relationship without imposition of any functional from prior to estimation. To illustrate the relevance of allowing the data generating process (DGP) to select the precise form of the non-linearity rather than imposing some functional form prior to estimation, we compare our preferred semi-parametric estimates with fully parametric estimates. This comparison allows us to establish possible biases in the evidence reported in the extant literature, especially for Ghana. Further it also highlights the possibility of such biases for other developing countries studies.
The aim of this study therefore is in two folds: first, to analyze the main driving forces behind a household's choice of LPG as its' main cooking fuel over alternate fuels such as biomass, and how the influences of these factors vary over time. Second, we seek to test the effect(s) of functional form bias on the results derived. In line with the aim, the following four questions are addressed: (1) does the key determinants usually cited in the literature on cooking fuels in developing countries also important for LPG uptake in Ghana?; (2) does the effect of the key variables vary over time?; (3) whether the usual fully parametric specification usually imposed on the empirical models is free from functional specification bias; and (4) what is the role of prices on LPG uptake and the policy ramification that emerges from it? We utilize data from two most recent nationwide household surveys to estimate a probit model using both parametric and semi-parametric econometric techniques. Results are then compared across the two datasets and models.
This study offers immense contribution to energy policy design in Ghana and many developing economies, in search of effective strategies to boost household's use of cleaner and efficient fuels such as LPG. The study also offers relevant contribution to the extant literature, as it sheds more light on the role of functional form specification in household energy demand models.
Findings from our study reveal socioeconomic and demographic factors such as income, education, access to urban infrastructure, location of household, as key drivers of households' choice of LPG as main cooking energy source. Again the influences of these factors are stable across time. There is also evidence of a strong price effect. Finally, we observe that the imposition of parametric structure (functional form) prior to estimation on factors such as age of household head, income and household size as done in the literature is inappropriate for the case of Ghana, and tend to bias the marginal effects. There is strong evidence of variations in the response rate of LPG adoption over the domains of income, household size and the age of the household head.
The structure of the remaining sections of the paper is as follows: A review of relevant literature is presented in section 2. Section 3 describes the methodology and empirical strategy for the paper, while Section 4 focuses on data description. The discussion and analysis of the results from the paper are presented in section 5. Section 6 concludes with a summary and policy implications from the study.
Literature Review
Studies on the determinants of household energy choice in the literature are replete with evidence from both developed and developing countries, albeit studies from the latter are often constrained by the lack of sufficient data especially on energy prices and expenditures. Notable among such studies include Couture et al (2012) using French data, Gebreegziabher et al (2012), Kebede et al. (2002) , Mekonnen and Köhlin (2008) for Ethiopian households, Barnes, et al., 2005; Heltberg (2004 Heltberg ( , 2005 for developing countries, Chambwera (2004) , Chambwera and Folmer (2007) for Zimbabwe, Akpalu et al. (2011), Mensah and Adu (2015) for Ghanaian households and Ouedraogo (2006) for households in Burkina Faso among others.
Evidence from Kebede et al. (2002) using Ethiopian data, reveal that non-income factors such as fuel availability and demography are key drivers of demand for modern energy other than income. This evidence offers key insight into the reasons behind the slow adoption rate of modern energy even among high income households in developing economies, as the market for these fuels especially LPG and electricity, is often marred with frequent shortages and inefficiencies in service delivery. This inherent uncertainty in the supply of LPG and electricity creates disincentives for households' energy transition. Mekonnen and Köhlin (2008) found Similar conclusions.
Nevertheless, income remains a key constraint to the transition of households from the use of traditional fuels to modern and clean fuel types like LPG and electricity. Edwards and Langpap (2005) provides an empirical test of this claim by analysing the effects of start-up cost and restricted access to credit on the households' decision to switch from firewood to gas using Guatemalan data. Using the parametric probit model, their results reveal that access to credit via its effect on the purchasing power of households to purchase a gas stove, exerts a significant influence on the household's consumption levels of fuelwood. Their findings also reveal that high start-up cost is indeed a limiting factor for Guatemalan households in the transition from fuelwood to LPG. Hence targeted subsidies towards reducing the cost of gas stove will yield desired results. In contrast, Heltberg (2005) argues that the idea of a complete transition from fuelwood to modern fuels such as LPG does not seem plausible in the Guatemalan case, as many of the households that adopt these clean fuels still retain some preference for fuelwood. Thus any policy such as LPG subsidies that seeks to engender a complete switch to LPG will not yield the intended results. Heltberg (2005) further asserts that aside income, household fuel choice is strongly influenced by traditional cooking techniques, taste and preferences to the extent that demand for fuelwood is price inelastic in some cases. Also a review of the drivers of households' substitution between primary and secondary forest products as cooking fuel, particularly in rural communities where commercial fuels such as LPG are seldom, is presented by Hyde and Köhlin (2000) .
Evidence from other studies confirms the findings of Heltberg (2005) that whereas inter-fuel substitution is ubiquitous among households in developing countries, some households remain stacked to biomass fuels (Akpalu et al, 2011) . Davis (1998) argues that even with high availability of modern fuels such as LPG and kerosene, it is unlikely that biomass fuels can be completely substituted for the modern fuels, largely because of taste and preference factors. A typical example of this is provided by WEC (1999) which revealed that in one community in Sierra
Leone, nearly 70% of the families avoid switching to modern fuels and prefers to retain the use of firewood as wood stove is the most suitable option for the preparation of a traditional food staple within the region (Akpalu et al, 2011) . For a comprehensive review on the adoption of improved cooking fuel and stoves by households see Lewis and Pattanayak (2012) .
The evidence on Ghana is relatively scanty except the works of Mensah and Adu (2015) , Karimu (2015) and Akpalu et al (2011) . Findings from Mensah and Adu (2015) , and Karimu (2015) lend support to the energy ladder hypothesis that household income is a major determinant of household energy choice. Further, they find social and demographic factors as well as access to energy supplies as key factors influencing the choice of cooking fuel among Ghanaian households. Akpalu et.al. (2011) also find evidence of strong preference for LPG among Ghanaian households, followed by charcoal and kerosene respectively. In addition, their study suggests that with the exception of kerosene that has price-elastic demand, demand for charcoal, LPG and fuelwood are price inelastic.
In terms of the methodological approach, the available studies are largely based on parametric techniques including the discrete choice models (logit and probit), multinomial probit and logit, full information maximum likelihood (FIML) techniques and the ordinary least square approach. See Lewis and Pattanayak (2012) for extensive review of household energy choice studies and methodological approaches. The use of non-parametric and semi-parametric techniques in analyzing household fuel choice is however very scanty in the extant literature and completely non-existent in the Ghanaian context. This paper makes a contribution on this by applying variants of the popular specifications in the literature on household energy studies and estimating the preference for LPG as the main cooking fuel using semi-parametric method. The results are then compared with the fully parametric methods as common in the previous studies.
Econometric model
Based on previous literature on household cooking fuels, we estimate a choice model for LPG for cooking by assuming that a household's choice for cooking fuel is influence by income (Y), a vector of household characteristics (Z) such as age, household size, gender of the head of the household and education. We also included access to modern infrastructure (M), location (L), the availability of the various cooking fuels (A)and a vector of prices for the various fuels ( i P ). The household choice for cooking fuel in general is expressed as:
Suppose a representative household i faces j alternatives of cooking fuels (where 1, 2 j  ; the first alternative is LPG and the second is the other fuels), and that the indirect utility derived from each of the j alternatives is defined by i can then be expressed as:
The unobserved part, ij  , is assumed to be jointly normally distributed with
probability that household i chooses the first alternative is now:
where ,21 
, and let ij y denote a discrete choice outcome variable that takes a value 1 if household i chooses fuel j and 0 otherwise. The cumulative probability for the choice of the first alternative fuel (LPG) by household i can now be expressed as:
, 12 1 ,21 ,21
The expression in equation (4) is specific to the first fuel. In a more general case, the choice probability for household i choosing alternative j is given by
takes a similar expression as in equation (4). The log likelihood function for a sample of N independent households with J alternatives can then be expressed as:
where ˆi j P is estimated via a similar expression as in equation (4) using simulation method, which is substituted into the log likelihood function and maximised to obtain the parametric estimates for the ' s  .
We could relax the functional relation for some of the variables in the i x vector using semiparametric approach since we often do not know the "correct" functional form a prior. Let define a sub-set of the i x vector that we want to relax the functional from as i x ,the indirect utility function as presented in Eq. (2) become:
Where (.) m is a smooth function that is twice differentiable and additive, implying each variable in i x has its own smooth function; and z is a subset of vector x . The smooth functions are estimated using penalized cubic regression splines via the generalized additive model (GAM) framework. Further we assumed the link function to be probit. Details on penalized regression splines is in Hastie and Tibshirani, 1990; Wahba, 1990; Green and Silverman, 1994; and Wood, 2000 . Our choice of the i x vector in this paper is influence entirely by whether the variable is a continuous variable or not. Since the smooth function must be twice differentiable, it is only the continuous variables that meet this requirement. Our i x vector therefore comprises of income, age of household head, household size and prices of the various cooking fuels. Note however that in the empirical application not all the variables are available for some of the samples and in such cases, we only utilised the available variables in the sub-set for the nonparametric part of the model.
Data
The data for the paper is taken from the last two Ghana living standards surveys (GLSS 5, 2005 /06 & GLSS 6, 2012 /2013 , which is a nationally representative household survey. The sampling frame for the survey was the population living in private households in Ghana. The above sample frame was divided into two sampling units, a primary and secondary sampling unit.
The primary sampling unit was defined as the census enumerated areas (EAs) that are stratified into the ten administrative regions of Ghana based on proportional allocation using the population in each of the ten regions. The second sampling unit on the other hand was defined as the households living in each of the EA's. The sampling design for the survey was that of twostage stratified random sampling approach, where in the first stage 550 EA's was considered, while in the second stage, 15 households per EA was considered. The combined outcome of the two-stage sampling resulted in a total of 8700 households' nationwide. In the end, however, 8687 households were successfully interviewed representing a 99.85 % response rate for the GLSS5 sample. The sample size used for this study further reduced to 8262 households because of lack of information on energy use for cooking for some of the sampled households. Similar sampling approach was applied to obtain the GLSS6 data. However, in the GLSS6, 1200 EA's were considered in the first stage leading to a total of 18000 households. Out of this, 16,772 were successfully interviewed.
Using the above survey design, data was extracted on the following key variables: household income, consumption, expenditure, education, energy use for cooking, demographic characteristics such as education, gender of the head of the household, age of the household head, size of the household, main fuel for lightening, household location, income, and the availability of the various cooking fuels. The education variable has four levels; basic, secondary and tertiary (university education) with no formal education as the reference category. The main source of lightening for the household is used as a proxy for the level of access to modern infrastructure. Also, to control for supply side factors that may influence households' choice decisions, we include as covariate(s), the reliability in access to LPG and its substitute fuels. This variable(s) measures whether households have reliable supply of the fuel in their community or otherwise. Thus, for example, reliable supply of LPG (=1) if LPG is readily available in the local market and reliable supply of LPG (=0) if LPG is not readily available or characterized by frequent shortages.
The information on the main fuel sources used by each of the households cover fuels such as crop residue, fuelwood, charcoal, kerosene, liquefied petroleum gas (LPG), and electricity. The information on each of the fuels refers to choice and not the quantity; hence our analysis is limited to choices and probabilities associated with these choices. Besides the lack of information on the quantities on each of the fuels, the GLSS 5 data also lack information on price of the various fuels, which further limits our analysis. The GLSS 6 however, has information on relative prices of alternate fuels. Furthermore, the data set does not contain information on combination of cooking fuels by households refer in the literature as "fuel stacking", a common feature especially among urban households in developing countries. A list of the variables in the data set and their definitions is presented in Table A , while the summary statistics in Table A1 , both are in the appendix.
Empirical Results
Our empirical analysis follows the following steps. First, we run a parametric probit model for each of the two recent waves of surveys, the GLSS 5 and GLSS 6. The purpose of this first step is to assess the development of the determinants for LPG uptake. In the second step, we relax the functional form, especially for the continuous variables (income, age of the household head and household size for both sampled periods) and test if the flexible semi-parametric specification is more appropriate for our LPG model relative to the parametric specification.
The final step, we assess the relative price effects of the various cooking fuels on the choice of LPG, based on the chosen model from the second step and utilising the data set with prices.
Parametric probit model Estimates for each of the two surveys
The results from the first step are reported in Table 1. The table contains the coefficient estimates and the corresponding marginal effects. The estimated marginal effects can be interpreted as follows. A positive estimated marginal effect for a regressor implies that the regressor increases the probability of choosing LPG as a cooking fuel relative to the other fuels (fuelwood, charcoal, kerosene and crop residue/sawdust). Similarly, a negative marginal value implies a decrease in the probability of choosing LPG as a cooking fuel. The estimates as reported in Table 1 reveal the following; (a) that in the GLSS5 sample, reliable supply of firewood and age of the household head are the only variables with estimates that are insignificant at the 5% level, whereas they are significant in the GLSS6 sample. Also, reliable supply of kerosene is significant in the GLSS5 but insignificant in GLSS6, (b) the key drivers of cooking fuel choice suggested by previous studies (e.g., Heltberg, 2005; Gupta and Köhlin, 2006; Ouedraogo, 2006; Karimu, 2015; Mensah and Adu, 2015) such as education, income, urban location, household size and access to modern infrastructure proxy by the use of electricity as the main source of lightening are statistically significant in both samples, (c) all the significant marginal effects across the two samples have the same sign but differ in magnitude. The size of each of the significant marginal effects in GLSS6 is larger than the corresponding counterpart in GLSS5 sample. It is important to stress that, given that the comparison is based on repeated cross sectional national representative household data, the changes are at aggregate national level not individual household level. Table 1 : Parametric probit estimates for Households LPG choice using GLSS 5 and GLSS6 data Note: *** , ** and * denote the significance level at the 0.1%,1% and 5%,respectively, the values under the heading "Marginal denote marginal effects" are multiply by 100 to convert into percentage points, while standard errors are in parenthesis.AIC is Akaike information criteria.
The implication of the larger marginal effects, especially for education, urban location, across the two time periods also holds for lower levels of education -thus basic education choice probability increased from 3% to 6.8% and secondary from 14.5% to16.4%.
The general conclusion from these results is that; income, urban location, access to electricity, reliable supply of LPG and other household's characteristics such as age, gender and size of the household are significant factors for the choice process for LPG as a cooking fuel.
Moreover, these variables tended to persist over the two sample periods and more importantly, 
Semi-parametric probit model estimates
The semi-parametric probit model assumed all the explanatory variables, except age, income and household size; enter the model linearly for choice of LPG, while age, income and household size enter the model non-parametrically in a sense that the functional form for the three variables is not specified pre-estimation. Rather, the data determine the functional relation between each of them and the dependent variable (choice of LPG as cooking fuel). The estimated marginal effects for the semi-parametric model can be interpreted in the same way as done in the full parametric section above. The estimated results for semi-parametric model are reported in Table 2 The conclusion from this exercise is that, given that the (log) linearity test, the AIC and loglikelihood statistics all favour the semi-parametric model, the parametric estimates tended to be biased for both samples. The bias is on both directions depending on the covariate in the 2005/06 sample, whereas it is only upward bias in the 2012/13 sample. Further, the bias is more dramatic for education covariate than the other covariates. Table 2 : Semi-parametric (model1 for GLSS 5) and semi-parametric (model 2 for GLSS6)
Note: *** , ** and * denote the significance level at the 0.1%, 1% and 5%, respectively, the values under the heading "Marginal denote marginal effects" are multiply by 100 to convert into percentage points, smooth indicate that the variable enter the model non-parametrically. Numbers in square brackets are chi-square statistics for the test of linear restriction on the smooth variables, while standard errors are in parenthesis. AIC is Akaike information criteria and GCV score stand for generalized cross validation score
The estimated marginal effects for the parametric part of the semi-parametric model as shown in Table 2 indicate that having a male as the head of the household has a negative effect on the choice probability for LPG. Specifically, having a male as the head of the household decreases the adoption probability for LPG by 2% and 3% in the 2005/6 and 2012/13 periods, respectively. The negative relationship of males as head of the household on the choice of LPG may be explain by the differences in decision by female and male heads of households, which more closely reflect their preferences, welfare, and opportunity cost of time, raising the possibility that female-headed households may be more responsive to interventions to improve access or reduce barriers to new cooking technology and fuels relative to male-headed households. This is consistent with Ditlhale and Wright (2003) , who finds some evidence on the hypothesis that female decision makers are more likely to opt for modern energy relative to males.
The estimated results also indicate that education at each of the three levels have a significant positive effect on the choice of LPG. Basic, secondary and tertiary education increases the probability of choosing LPG by 5.1%, 11.7% and 14.5%, respectively for the 2005/6 period, relative to the reference category of no formal education. These values however increased to 6%, 12.5% and 20.3% for the 2012/13 period. The implication is that, if one control for the income effect associated with education, education appears to inform individuals of the possible benefits in the use of the LPG. For instance, the time savings associated with the use of LPG compared to say fuelwood, the health implications in terms of the smoke from fuelwood relative to LPG among other things make LPG the preferred option among educated households. The results also reveal that the marginal effect of education increases as level of education rises from basic level to tertiary level.
Furthermore, to examine the effects of supply side constraints on fuel choice adoption, we control for the reliable supply of LPG and alternate cooking fuels in the model. In line with expectations, the results show that whereas the reliable supply of LPG increases the choice of LPG as a cooking fuel, the reliable supply of kerosene and charcoal on the other hand reduces the choice probability for LPG. The estimated marginal effects indicate that the reliable supply of LPG increases the adoption probability for LPG by 12.9 and 12.1 percentage points in the 2005/6 and 2012/13 periods, respectively. Reliable supply of charcoal reduces the adoption probability for LPG in both sampled periods.
The estimated marginal effects on urban location (settlement) indicate that households located in urban centres on the average tends to have a higher probability of adopting LPG as the main cooking fuel relative to their rural counterparts for both sampled periods. However, there is a slight reduction in the size of the marginal effect in the 2012/13 period relative to the 2005/6 period, while households with access to modern infrastructure also increases the adoption probability for LPG for both sampled periods. The estimated marginal effect is however lager (12.7%) in the 2012/13 period relative to the 2005/06 (7.6%). The reason for using electricity, as the main source of light for the household to proxy for access to modern infrastructure is that, when an area have access to electricity, it is very likely that it will also have access to the basic infrastructural requirement for access to LPG and education, especially at the basic level. In line with the parametric results, the semi-parametric estimates indicate that income, urban location, 
Non-parametric estimates
The In order to make it possible to compare the estimates for age, income and household size between the parametric and semi-parametric model, we took the derivatives of the smooth functions to convert them into marginal effects. The calculated derivatives are reported in Table   3 , where we considered the distribution of these derivatives for each of the covariates and for each of the two samples. The calculated mean for age, income and household size for the 2005/06 sample are -0.4%, 22% and -17%, respectively. Whiles for the 2012/13 the mean marginal effect for age, income and household size are -0.3%, 22% and -17%, respectively. These values are bigger in absolute terms than those from the parametric model, implying significant under estimation from the parametric model, especially for the estimates for income and household size. Note however that the mean value for age is not significant at the 5% level for each of two samples for the semiparametric model. Note: *** , ** and * denote the significance level at the 0.1%,1% and 5%,respectively, the "marginal effects" are multiply by 100 to convert into percentage points, while standard errors are in parenthesis.
Price Effect
The previous sections assumed away the possible price effect on the choice for LPG due to nonavailability of prices for the 2005/06 survey, and since one of the aim of our paper is to assess the development of the various key factors across time, we had to drop the prices in the 2012/13 sample in order to be consistent with the variables in the model for each of the samples. A possible consequence for dropping the price variable is omitted variables bias, since price, from previous studies (e.g., Heltberg, 2004 Heltberg, , 2005 ) is considered as an important factor, at least for LPG choice process. In order to assess the lack of price effect on the previous analysis, particularly for the sample we have price data (GLSS6), we re-estimate a full parametric probit and semiparametric probit models for the 2012/13 sample with prices as additional covariates. The inclusion of prices however reduced our sampled observation to 4918 due to missing data on the prices. The results are reported in Table 4 , which reveal that the semi-parametric model fit the data relatively better than the parametric model based on AIC, log likelihood statistic and the chisquare test for linear restriction for age, income, household size and price for each of the fuels (LPG, kerosene, charcoal and firewood). This is in line with the results without the price effect from section 5.2, and as a consequence, we will only focus on the semi-parametric model in terms of comparison to the results without prices and interpretation of the model estimates.
In order to make a reasonable comparison to assess the potential bias due to price omission, we also estimated a semi-parametric model with the same number of observation as the model reported in Table 4 , but without prices to assess the impact of omitted prices on the marginal effects of the included covariates. The result from this exercise is reported in Table B in the appendix. We found a slight increase in the estimated marginal effects in the model without prices relative to the model with prices for all the covariates except reliable LPG supply, which the reverse is true. However, the size of the differences is small, approximately 1% for most of the covariates. The indication is that omitted price bias is insignificant and therefore the model without prices does not suffer severely from such a bias. A further comparison to the semiparametric model result reported in Table 2 for the GLSS6 sample, utilising the full sample observation, indicate similar conclusion regarding omitted price bias being insignificant, irrespective of the significant differences in the number of observations between the two (4918 for model with prices and 15212 for the model without price and utilizing the full sample observation).
The results for the smooth functions for the non-parametric part of the model with prices are reported in figure 3 . All the price variables also depict patterns of non-linearity and therefore consistent with the chi-square test. Furthermore, LPG price had ( The positive effect of firewood price on the choice process of LPG is not due to a complete switch away from firewood to LPG fuel by households but rather a partial switch in the sense that most households do not rely on one fuel for their cooking needs. Households usually have more than one type of cooking fuel and utilized them depending on the type of food being cooked as well as the prevailing prices and fuel availability. Therefore higher prices for firewood is likely to reduce the frequency in the use of firewood to cook the daily meals, implying among other things an increase in the frequency of use for LPG for cooking purposes. The marginal effect of age of the household head on the other hand is positive but decreasing between the ages 18 to 30 years and negative for all ages older than 30 years. The estimated marginal effect for income, LPG price, firewood price and charcoal price also indicated a non-linear and varying effect on the choice of LPG among Ghanaian households. The sizes of the estimated marginal effect from the semi-parametric model are very different from those from the parametric model. For instance, the estimated marginal effect on log income is 1.8%
(parametric model), which is much smaller than the estimated mean marginal effect from the semi-parametric model (19.5%), which we argue is due to the functional restriction imposed on the parametric probit model. This arguably provide some support to the importance of flexible modelling approaches as they are able to accommodate all forms of non-linearity that the parametric model cannot reveal and it is this aspect of flexibility that the semi-parametric have an edge over the parametric model. 
Summary and policy implications
In this paper, we analysed the factors that influence the choice for LPG as a cooking fuel in Ghanaian household. The estimated model is based on previous studies such as (e.g., Mekonnen and Köhlin, 2008; Barnes, et al., 2005; Heltberg, 2005 , Karimu, 2015 Mensah and Adu, 2015) derived from the household production theory. We examined the four key objectives of our study -(1) if the key determinants for cooking fuels for developing countries such as income, education, access to modern infrastructure, location and household characteristics as commonly cited in previous literature are consistently important for LPG fuel choice in Ghana for two separate periods, (2) not the least, we found a significant price effect on the adoption probability for LPG consistent with previous studies (e.g., Heltberg, 2004 Heltberg, , 2005 . Our estimated price effects are however different from previous literature in the sense that we found also that the price effects varies across the level of prices. Also, comparing the marginal effects from the model with price effect with that without price effect based on the 2012/13 sample indicated that, omitted price bias is not severe.
The results from the study indicated that LPG use is positively related to income and it consistently hold irrespective of sample period, functional form and whether prices of the various fuels are included as covariates or not. Also, education is positively related to the adoption of LPG as a cooking fuel relative to the alternative fuels, and more importantly, increasing levels of education is associated with switching into LPG. Urban location and access to modern infrastructure are positively associated to LPG use, while household size is generally negatively associated to the choice of LPG as a cooking fuel. Other significant variables in the LPG switching process are; reliable supply of LPG, reliable supply of firewood, LPG price, firewood price and charcoal price.
The general policy implication from the price effect of the various fuels on LPG uptake is that, a subsidy on LPG in addition to a tax on firewood and charcoal is likely to promote a switch into LPG. However, such a policy will only yield the desire outcome if the initial cost constraints in the switching process are reduced significantly, especially the cost of LPG cylinders and cost of stoves. Also, cultural factors that serve as berries to LPG uptake will have to be taken into consideration in the design of the subsidy policy. It is also important to recognize the fact that, fuel choice is a complex process and depends on many factors apart from fuel prices and therefore the energy policy should go beyond subsidies. For instance in poor rural areas with cheaply available firewood, improved cookstoves should be the policy goal rather than fuel substitution. In areas where firewood is expensive, especially in urban centers, a fuel substitution policy is likely to be successful if efforts are made to provide cooking technologies that are cost effective and that the technologies are designed to meet the taste and cultural preferences of the people. 
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